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Background and Objective: Low and intermediate grade neuroendocrine tumors of the lung are 
uncommon malignancies representing 2% of all lung cancers. These are termed typical and atypical 
pulmonary carcinoid tumors. These can arise in the setting of diffuse idiopathic pulmonary neuroendocrine 
cell hyperplasia (DIPNECH). The presentation, workup, management and outcomes of patients with 
these tumors can overlap with more common lung cancers but differ in that many of these patients have a 
prolonged clinical course. The objective of this narrative review is to summarize the literature and provide 
evidence and expert-based algorithms for work up and treatment of pulmonary carcinoids and DIPNECH.
Methods: A search of PubMed and Web of Science databases ending April 15, 2022, with the following 
keywords “lung carcinoid”, “DIPNECH”, “lung neuroendocrine,” and “bronchopulmonary carcinoid”. 
Key Content and Findings: Pulmonary carcinoid tumors benefit from a multidisciplinary approach. 
Pre-treatment imaging with contrast-enhanced computed tomography, and DOTATATE positron emission 
tomography is required. Surgical resection is the gold standard for curative intent, and possibly including 
sublobar resections. Patients can recur or develop new primaries thus emphasizing the importance of 
surveillance; national guidelines recommend at least a 10-year follow up. A growing body of literature 
support the use of endobronchial therapy, with long responses documented. Systemic therapy consists 
of everolimus, somatostatin analogs, peptide receptor radionuclide therapy, and chemotherapy. Diffuse 
idiopathic pulmonary neuroendocrine tumor cell hyperplasia is rare, but series suggest somatostatin analogs 
may confer clinical benefit. 
Conclusions: Pulmonary carcinoid tumors and DIPNECH are rare. Despite lack of regulatory approvals 
for advanced disease, multiple options are available but should be sequenced according to the clinical status 
and disease biology. Each patient should be discussed in a multidisciplinary setting and clinical trials should 
be considered if available. 
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Introduction

Neuroendocrine tumors (NETs) of the lung represent 
a spectrum of disease. They range from the sometimes 
slow growing pulmonary carcinoid (PC) tumors (typical 
and atypical), to aggressive large cell neuroendocrine 
carcinoma (LCNEC) and small cell lung cancer (SCLC). 
PCs often have an indolent course and can sometimes be 
discovered incidentally. PCs represent only 2% of all lung 
cancers, however, embody approximately 25% of NETs. 
A premalignant condition known as diffuse idiopathic 
pulmonary neuroendocrine cell hyperplasia (DIPNECH) 
can sometimes co-occur in the setting of PCs but not all 
PCs have DIPNECH (1,2).

The incidence of all NETs is increasing (2,3). A 
Surveillance, Epidemiology, and End Results (SEER) 
analysis from 1973 to 2012 found that incidence rates of 
NETs increased 6.4-fold between 1973 and 2012 (3); this 
increase was most pronounced in PCs which had the highest 
incidence. Conversely, the incidence of all malignancies 
is decreasing including lung cancers (2). Among the most 
significant contributors to the increase in NETs is superior 
and more frequent use of imaging and increased awareness. 

Survival of PCs vary by stage and mitotic index-whether 
they are typical carcinoid (TC) or atypical carcinoid (AC), 
with the median survival of all distant stage PCs being  
24 months (3). PCs are staged according to the American 
Joint Commission on Cancer 8th Edition which was designed 
for staging of non-small cell lung cancer (NSCLC). Studies 
have questioned this staging system owning that it may not 
reflect the biologic behavior of PCs and alternatives have 
been offered (4,5). 

While the presentation, work up, diagnosis and treatment 
overlap with NSCLC, PCs have several nuances that 
require different methods and modalities. This manuscript 
will provide a multidisciplinary overview to approaching 
patients with DIPNECH and PCs. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-22-415/rc).

Methods

A review of the literature pertaining to DIPNECH and PCs 
was conducted with the last search being April 15, 2022. 
Table 1 describes the search strategy.

Workup, diagnosis and management of PCs

Presentation

PCs are often clinically silent and symptom development 
depends on the location of the tumor. Up to 90% of patients 
with centralized tumors develop symptoms, whereas 
peripheral tumors are generally found incidentally (6). If 
symptoms occur, they are generally non-specific. The 
most common symptoms are coughing, wheezing and 
consequences of airway narrowing, such as dyspnea, stridor 
or post-obstructive pneumonia (7,8).

Carcinoid syndrome (CS) occurs due to the systemic 
release of vasoactive amines and polypeptides, such as 
serotonin, histamine, and kallikrein (9). The development of 
CS is uncommon in PCs (10). In fact, CS has been found to 
occur in only 8% of patients with PCs (11). PCs rarely over 
produce adrenocorticotropic hormone and growth hormone 
releasing hormone can lead to Cushing’s syndrome and 
acromegaly, respectively (8,12,13). 

Imaging

Imaging is required to determine location, tumor stage 
and assess overall burden of disease. A chest radiograph 
can identify PCs in 40% of situations (14,15), however, 
multiphasic contrast-enhanced computed tomography (CT) 
provides cross-section imaging that can better characterize 
abnormalities and anatomic relationships and is the gold 
standard (15,16). The characteristics of PCs can mimic 
other lung cancers but can show endoluminal involvement 
or can abut the airway and be associated with bronchiectasis, 
mucoid impaction, atelectasis and air trapping (17).

The majority of PCs overexpress somatostatin receptors 
(SSTR) and SSTR based imaging is required for all 
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PCs (1). Radiotracers have been developed, comprising 
a somatostatin analog (SSA) chelated to a radioisotope. 
Variations in the SSA, chelator, and choice of isotope have 
been shown in preclinical models to alter the affinity to 
SSTRs (18,19). From a clinical standpoint, the type of 
SSTR based imaging is sometimes geographically and cost 
dependent. Not all institutions have access to imaging with 
DOTATATE PET, however, it has been that this modality 
is more cost effective and results in superior imaging 
compared with indium based SPECT/CT (20).

Imaging of SSTR in NETs can be accomplished by 
γ-cameras utilizing either planar or SPECT technique 
using In-111-diethylenetriaminepentaacetic acid (DTPA)-
octreotide (111In-DPTA) to localize PCs. 111In-DPTA 
scintigraphy has been shown to be sensitive for detecting 
NETs and is superior to CT and MR imaging in uncovering 
metastatic disease (21). More recently, octreotide derivatives 
such as DOTATATE, DOTANOC, or DOTATOC, 
have been linked to position emitting isotopes, such as 
gallium-68 (68Ga DOTATATE, 68Ga DOTANOC or 68Ga 
-DOTATOC) and cooper-64 (64Cu DOTATATE), which 
can be evaluated by PET/CT. Not only can these modalities 
provide information on disease location and burden, they 
also can influence treatment decisions. Imaging using a 
PET tracer, either 68Ga or 64Cu is superior to SPECT and 
is preferred (22). 

Diagnosis

Bronchoscopy is a diagnostic tool for the evaluation of PCs. 
In the majority of cases, bronchoscopy reveals budding, 
highly vascularized, well circumscribed lesions that are 
reddish pink in color (23). This diagnostic modality allows 

for visual inspection of a proximal or endobronchial lesion 
as well as for biopsy either under direct vision or using 
navigational or imaging technology for peripheral lesions. 
While concern exists for hemorrhage during the biopsy, 
the incidence of serious bleeding is low (24-27). A biopsy 
is superior to bronchial washing studies, as the latter has 
shown a diagnostic yield of 23% (28). Approximately 10% 
of PCs are in peripheral locations and require a navigational 
bronchoscopy or transthoracic needle biopsy under CT 
guidance (23). The primary concern with this approach is 
pneumothorax, which occurs with an average of 20% of 
cases (29).

 

Pathology

TCs and ACs are well-differentiated NETs in terms of 
architecture and cytological features. Clinically, TCs are low-
grade and ACs are intermediate-grade (4). Morphologically, 
PCs may have organoid, trabecular, rosette, insular, 
pseudoglandular, or solid growth patterns. Oncocytic, clear 
cell, and melanin-laden carcinoids, although rare, can occur. 
Tumor cells are uniform, featuring round to oval or spindled 
nuclei with finely granular nuclear chromatin, moderate 
to abundant eosinophilic cytoplasm, and inconspicuous 
nucleoli. Per the 2021 World Health Organization (WHO) 
Classification of Thoracic Tumours (28) TCs have a mitotic 
count of <2 mitoses/2 mm2 and lack necrosis. ACs have  
2–10 mitoses/2 mm2 and/or may have necrosis, which 
is usually focal and punctate (30). Figure 1 shows the 
histological features of TC and AC.

By immunohistochemistry, PCs are positive for low-
molecular-weight cytokeratins. They are strongly reactive 
for neuroendocrine markers such as chromogranin A, 

Table 1 Search strategy summary

Items Specification

Date of search Last search April 15, 2022

Databases and other sources used Web of Science, PubMed

Search terms used lung carcinoid, DIPNECH, lung neuroendocrine and bronchopulmonary carcinoid

Timeframe Relevant literature until April 15, 2022

Inclusion and exclusion criteria Given the rarity of this disease, we included all study types, including clinical trials, case series, 
expert guidelines and some case reports

Selection criteria All authors were available to select items to report. When information overlapped the most 
pertinent manuscript was selected

DIPNECH, diffuse idiopathic pulmonary neuroendocrine cell hyperplasia.
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synaptophysin, CD56, and INSM1 (31). Insulinoma-
Assoc ia ted  Prote in  1  I s  a  Cruc ia l  Regu la tor  o f 
Neuroendocrine Differentiation in Lung Cancer (31). 
TTF1 tends to be positive in peripheral but negative 
in central tumors. The Ki-67 index, a marker of cell 
proliferation, can aid in differentiating low-grade PCs from 
high-grade NETs, such as LCNEC and SCLC, especially 
in a small biopsy with crush artifact. Commonly, TCs will 
have a Ki-67 expression of <5%, whereas ACs have a Ki-67 
of 5–30%. A specific Ki-67 index is not a requirement for 
the classification of either PC, as there is significant overlap 
between the Ki-67 index in these groups, and thus, the Ki-
67 index is not recommended to be used for distinguishing 
between these tumor subtypes (10,32). Additionally, it has 
also been reported that adding Ki-67 index does not provide 
a prognostic value to PCs, as a histological diagnosis has 
been shown to be a stronger predictor of overall survival 
than Ki-67 index (32). As such, reporting Ki-67% index is 
not mandatory for PCs. 

Treatment for PCs

Surgical treatment

Surgery is the treatment of choice for localized PCs and has 
shown excellent five-year survival rates—94% for TC and 
67% for AC (33,34). After diagnosis of a PC, a meticulous 
pre-operative evaluation should be performed. Work-up 
should include history and physical examination, assessment 
of functional status, pulmonary function tests (PFTs), a 
nutritional assessment, and testing related to pertinent co-

morbid conditions. While smoking has not been associated 
with PCs, smokers should be counselled to stop as this 
reduces peri-operative pulmonary complications but this 
should not delay or prevent curative intent surgery (35,36).

Patients undergoing resection may have co-existing 
conditions and exposures which can perturb pulmonary 
function. Underlying DIPNECH commonly manifests 
with shortness of breath in a third of patients with the 
majority of patients demonstrating an obstructive pattern 
on spirometry. Spirometry and measurement of forced 
expiratory volume (FEV1) and diffusion capacity for 
carbon monoxide (DLCO) is recommended for all patients 
undergoing pulmonary resection (37). A pre-operative 
predicted FEV1 or DLCO of 60% or less has been shown 
to be an important in predicting respiratory complications 
and increased peri-operative morbidity and thus further 
testing should be recommended (38). Options for secondary 
testing include a shuttle walk test, stair-climbing, exercise 
stress test or a ventilation-perfusion scan. The former are 
more subjective, while later are more quantitative and have 
thresholds associated with surgical risk (39). The location 
of tumor is also important when examining pulmonary 
function. For patients with a central, or endobronchial 
tumors with obstruction and atelectasis, a resection may 
in fact ameliorate ventilation and perfusion matching and 
post-operative lung function.

The majority of patients with localized PCs are 
considered for resection. The surgical approach depends on 
the size and location of the tumor. Tumors are considered 
central if they are included in the first third of the lung and 
these are more likely to be visible during bronchoscopy. 

A B

Figure 1 Light microscopy of typical and atypical pulmonary carcinoid tumors. (A) Typical carcinoid showing nests of uniform cells with 
speckled chromatin pattern and moderate amount of cytoplasm; hematoxylin and eosin (H&E), 200×. (B) Arrows showing mitotic figures in 
an atypical carcinoid; H&E, 400×.
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Peripheral tumors are located outside of the medial third of 
the lung. 

Peripheral tumors

Lobectomy remains the most commonly performed surgery 
for PCs (38). For patients in whom a sublobar resection may 
be anatomically considered, controversy remains as to whom 
this should be offered. Sublobar resections comprehend both 
wedge resections and anatomical segmentectomies. The 
literature evaluating resection of PC’s, in particular related 
to sublobar resections is heterogeneous, and composed 
predominantly of single institution, retrospective cohort 
studies. SEER database studies performed by Fox and 
colleagues in 2013 concluded sublobar resection to be non-
inferior for patients with TC while Afoke and colleagues 
concluded sublobar resection can be considered for patients 
with typical PCs, 2 cm or less in diameter (40,41). Further 
studies are needed in this area. Based on currently available 
data, segmentectomy for small (<2 cm) TCs should be 
considered when anatomically feasible.

Central tumors

Small tumors located centrally within the tracheobronchial 
tree with intraluminal extent of disease may be effectively 
treated with endobronchial therapy (EBT) alone (40). 
For patients in whom EBT does not eradicate disease, 
subsequent surgery can be performed safely and is not 
associated with increased morbidity (40). Larger, central 

tumors with significant extraluminal extent or positive nodes 
should be referred for surgical resection (30). Ultimately, 
a pneumonectomy may be required, however, all patients 
should be assessed for parenchymal sparing options such a 
sleeve whenever possible as this approach has been shown to 
have improved short and long term outcomes and improved 
overall survival compared with pneumonectomy (39,42).

With the advent of more advanced EBT options there is 
an appeal to coupling endobronchial and surgical treatment 
to enhance the ability to perform parenchymal sparing 
operations. Reports of success thus far remain anecdotal and 
larger scale data has not corroborated that EBT reduces the 
extent of subsequent surgical resection (39).

Surgical approach

Surgery for PCs, like NSCLC, may be performed either 
minimally invasive or open. Due to carcinoids representing 
a small percentage of lung cancer, data on outcomes by 
approach is often combined with or extrapolated from 
NSCLC data (38). Segmentectomy, bronchoplasty, sleeve 
lobectomy (Figure 2) are technically more complex, but 
are performed with low morbidity and mortality using 
minimally invasive approaches by experienced thoracic 
surgeons. (40,43).

Tumor histology, size and nodal status are important 
prognostic factors for PCs (38). 

Lymph node assessment not only accurately defines 
pathologic stage, it informs treatment selection, as 
patients with nodal involvement should be relegated to 

A B

Figure 2 Robotic sleeve resection. The left upper lobe bronchus was sharply transected followed by the left mainstem bronchus proximal to 
the endobronchial carcinoid. The margins were sent to pathology which were confirmed to be negative and thus airway reconstruction was 
performed suturing the upper lobe bronchus (superior) to the remaining left mainstem (inferior). The membranous airway has been sutured 
(A) and the remaining cartilaginous portion was completed with interrupted sutures to account for the differences in size (B).
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surgical resection over endobronchial therapies (41). The 
commission on cancer released guidelines (Standard 5.8) 
recommending that any curative intent lung resection, 
including PCs, should have at least 1 separately submitted 
N1 lymph node station and nodes from at least three 
distinct mediastinal nodal stations (44). 

Adjuvant therapy for locally advanced PCs

There is no clear role for adjuvant treatment. Unlike 
NSCLC, there are no large prospective trials showing 
benefit. Guidelines are mixed, with some advocating 
the consideration of adjuvant treatment for AC with N2 
positivity, despite acknowledging the lack of data (45). 
Because of this lack of data, other guidelines advocate against 
the use of adjuvant treatment regardless of the stage (46).

Endobronchial treatment for carcinoid tumors

While surgical resection is the gold standard for treatment 
for PCs, not all patients with resectable tumors are good 
surgical candidates (47). In addition, lung preserving 
resections can be considered in selected patients by 
identifying the origin of the tumor and reducing the disease 
burden through bronchoscopic interventions. Additionally, 
PCs are commonly located centrally, where they can be 
visualized during flexible bronchoscopy and predominantly 
endobronchial tumors without invasion of adjacent tissues 
(48,49). This leads to the feasibility of using EBTs, such as 
cryotherapy and laser which can also be complementary to 
surgery. EBT is most appropriate for patients with small, 
centrally located, intraluminal PCs, without evidence of 
distant metastasis. Studies have shown that even in larger 
tumor lesions with some extraluminal tumor growth, 
EBT may still provide symptomatic relief and limit the 
advancement of the disease (50,51).

One option of EBT is cryotherapy which utilizes a 
liquefied gas (cryogen) to flow and expand through a 
nozzle located at the tip of the cryoprobe, causing a Joule-
Thompson effect (51,52). The temperature drop from 
the cryogen during expansion allows ice ball formation, 
which freezes the free intracellular and extracellular 
molecules around and, in the tumor, causing cellular 
destruction. Mucosal-based vascular tumors such as PCs 
are cryosensitive. Cryotherapy is routinely performed 
under general anesthesia with either flexible bronchoscopy 
through a rigid bronchoscope or flexible bronchoscopy via 
an endotracheal tube or laryngeal mask airway. Recently, 

Perikleous et al. provided data on the safety and efficacy 
of cryotherapy in for PCs, where complete remission was 
achieved in 33% when the maximum tumor length was less 
than 20 mm and allowed 35% of the patients with larger 
tumors to undergo parenchymal sparing resections (53).  
They also demonstrated that cryotherapy provided significant 
symptomatic relief in 92% of patients. The median number 
of cryotherapy applications performed was three (53), 
compared to an average of five in an older study (54).  
Bertoletti et al. showed that cryotherapy was a safe and 
effective adjunct therapy in addition to resection of TCs, with 
only one recurrence seven years after initial EBT (55). Figure 3  
shows a representation of treatment with cryotherapy. 

Another EBT is thermal therapy such as laser ablation, 
commonly the neodymium-doped yttrium aluminum 
garnet (Nd:YAG) laser. Laser therapy allows vaporization of 
tumors for immediate restoration of airway patency. Laser 
therapy is performed under general anesthesia with flexible 
bronchoscopy via rigid bronchoscope or endotracheal 
tube (56). Neyman et al. treated 25 patients with Nd:YAG 
laser with curative intent, and 16 patients (64%) had 
successful treatment without surgery, while five patients 
underwent lobectomy following EBT (57). Cavaliere et al. 
demonstrated that the use of Nd:YAG laser is curative in 
selected TCs. Among the 38 of 150 TCs (25%) that were 
treated with a curative intent based on criteria (small volume 
(<4–5 cm3), pedunculated or limited implantation base  
(<1.5 cm2), and minor wall infiltration), all patients remained 
in remission with follow-ups from one to 198 months (58).

Brokx et al. demonstrated that EBT made surgery 
unnecessary in 42% of the cases with a minimum of a five-year  
cohort study. Thirty-three percent of the patients had 
complete remission following the first EBT. Extraluminal 
involvement had a higher recurrence rate, leading to the 
need for surgical resection (59). Reuling et al. reported that 
the predictive success rate for EBT is endoluminal tumors 
with a diameter of less than 15 mm and purely intraluminal 
tumor growth as evident on CT chest. Other vital criteria 
include small base attachment (<1.5 cm2), without lymph 
node involvement or suspected locoregional or distant 
metastasis (50). In most EBT studies, a multi-modality 
approach (use of thermal and cold therapies) has been 
used in combination to achieve complete remission. In 
Reuling et al., 61 out of 125 patients (49%) had successful 
EBT. Ten patients (8%) had residual disease of recurrence 
during follow-up, with four patients (3%) who had evidence 
of residual disease ≤2 years after EBT, and six patients 
(5%) showed recurrence >2 years after the first EBT (50). 
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Overall, EBT is a safe procedure, with complications such 
as bleeding, bronchospasm, broken tooth, and vocal cord 
paralysis related to using rigid bronchoscopy for the latter 
two (50,55)

Van Boxem et al.  reported using Nd:YAG laser, 
photodynamic therapy, and brachytherapy in 19 patients 
with resectable endoluminal TCs. Successful EBT was 
achieved in 14 patients (74%) with a median follow-up of 
29 months, with one patient undergoing sleeve resection 

due to stenosis of the treated airway (60). 
When EBT is performed, though there is no robust data to 

suggest the optimal surveillance schedule for bronchoscopic 
follow-up, most studies perform a bronchoscopy at six to eight 
weeks from the first EBT to assess response to treatment 
and provide additional treatment if required. Other follow-
ups following the second bronchoscopy are dependent on 
response to therapy but would require continued surveillance 
with CT chest and/or bronchoscopy at least annually.  

A

B

C

Figure 3 Endobronchial therapy with cryospray. Row (A) shows the pre-intervention findings of an endobronchial tumor located on the 
left secondary carina (LC2), located between the left upper lobe and the left lower lobe, followed by the application of cryospray on the 
tumor for additional ablation post-electrocautery coagulation and the immediate post-intervention image. Row (B) was the first follow-
up bronchoscopy six weeks later, which shows a medium-sized ulcerated lesion without tumor recurrence overlying the LC2 carina, with 
additional application of cryospray to the ulcerated lesion for additional ablation and immediate post-intervention image. Row (C) was 
the follow-up bronchoscopy eight months post initial endobronchial carcinoid tumor treatment, which showed excellent response without 
recurrence. 
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Figure 4 shows a suggested algorithm for work up and 

management of PCs, including EBT. 

Medical treatments for advanced disease

In advanced disease, the goal of treatment is to control 

tumor growth and manage symptoms. Given the rare nature 
of PCs, there have been few prospective trials. Treatment 
principals often are based on the experience of treating 
gastrointestinal (GI) or pancreatic NETs.  

Since PCs frequently express SSTRs, SSAs, such as 
octreotide or lanreotide, are recommended for advanced 

Repeat bronchoscopy every  
3 months for 1 year

CT showing lung mass, nodule, or 
endobronchial lesion

CT guided biopsy or 
bronchoscopy for tissue diagnosis

Pathology review showing 
carcinoid tumor

MRI abdomen if liver 
metastases suspected

ACTH, GHRH, 5-HIAA 
if symptoms warrant

64Cu or 68Ga dotatate PET/CT

Multidisciplinary tumor boardLocalized Advanced disease

Primary endobronchial 
TC without lymph 
node involvement,  

≤2 cm or symptoms 
of obstruction

Observation 
Lanreotide 
Everolimus 

PRRT 
CAPTEM 

Clinical trials

EBT (cryoablation, 
APC, laser, or 

combination of hot 
and cold therapies

Repeat bronchoscopy 
6–8 weeks

Lung mass or lymph 
node involvement

Surgical candidate

No residual 
disease

Residual 
disease

Yes No

Surgical resection

CT chest every 6 months for 
2 years then yearly for  

10 years

Recurrence

Thoracic surgery 
evaluation

Figure 4 Proposed algorithm for the diagnosis and management of pulmonary carcinoid tumors. PET, positron emission tomography; CT, 
computed tomography; ACTH, adrenocorticotropic hormone; GHRH, growth hormone releasing hormone; 5-HIAA, 5-hyroxyindoleacetic 
acid; MRI, magnetic resonance imaging; TC, typical carcinoid; EBT, endobronchial treatment; APC, argon plasma coagulation; 
PRRT, peptide receptor radionuclide therapy; CAPTEM, capecitabine/temozolomide. This algorithm was partially adopted from (23): 
Papaporfyriou A, Domayer J, Meilinger M, et al. Bronchoscopic diagnosis and treatment of endobronchial carcinoid: case report and review 
of the literature. Eur Respir Rev 2Eur Respir Rev. 2021;30(159):200115. Reproduced with permission of the © ERS 2022: European 
Respiratory Review 30 (159) 200115; DOI: 10.1183/16000617.0115-2020. Published 6 January 2021.
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disease (45,46,61). SSAs anti-proliferative effects occur 
through both direct and indirect mechanisms (62). Direct 
anti-tumor effects of SSAs require SSTR expression on 
tumor cells and direct binding to SSTR subtypes. This 
causes regulation of these multiple complex pathways 
resulting in cell cycle arrest, inhibition of growth factors, 
and cell apoptosis. Indirect anti-tumor mechanisms 
occur through immunomodulatory effects and inhibition 
of growth factors that regulate tumor growth through 
hormonal pathways, which subsequently cause the 
inhibition of cell proliferation and cell death. 

For patients with TCs, asymptomatic disease and a 
low tumor burden, observation can be employed based on 
guidelines, but this remains controversial due to evidence 
that SSAs promote disease stabilization (63,64). Most 
evidence of SSAs comes from non-PC studies such as the 
phase III CLARINET trial that showed when compared 
to placebo, treatment with lanreotide in patients with 
gastroenteropancreatic NETs resulted in significantly 
increased progression-free survival (PFS) (median NR vs.  
18 months; HR, 0.47) with a manageable toxicity profile (65).

The SPINET trial (NCT02683941) was a phase III, 
randomized, placebo-controlled trial that aimed to evaluate 
the safety and efficacy of lanreotide in patients with PCs 
but was stopped early due to insufficient enrollment. 
Results have been presented on the 77 enrolled patients 
with the primary outcome of PFS. In the intention to 
treat population, median PFS was 16.6 months in the 
lanreotide arm (n=56) vs. 13.6 months for placebo (n=21) 
[HR, 0.90; 95% CI: 0.46–1.88) (66)]. When stratifying 
patients based on TC or AC, the median PFS was  
21.9 months in the lanreotide arm and 13.9 months for 
placebo for those with TC. In patients with AC, median 
PFS was 13.8 months and 11.0 months for lanreotide and 
placebo, respectively. Treatment related adverse events 
occurred in 74.5% in the lanreotide arm and 53.8% in the 
placebo arm and were mostly grade 1 and 2 (66). With the 
lack of large prospective clinical trials, these results support 
the guidelines recommended using SSAs in the first-line 
setting, particularly those with TC.

The mammalian target of rapamycin (mTOR) inhibitor, 
everolimus, is approved for the treatment of unresectable, 
locally advanced, or metastatic PCs based on the results of 
the RADIANT-2 and RADIANT-4 trials. mTOR is part of 
the family of PI3K-related protein kinases and regulates cell 
proliferation, growth and survival signaling. By inhibiting 
mTOR, everolimus prevents subsequent phosphorylation 
of substrates blocking mRNA translation resulting in 

inhibition of protein synthesis and tumor shrinkage (62).
The RADIANT-2 and RADIANT-4 trials were phase III 

studies evaluating the efficacy of everolimus in patients with 
advanced, well-differentiated, nonfunctional NETs of both 
GI and pulmonary origin. In the 44 patients with PCs in 
RADIANT-2, the PFS was 13.6 months in the everolimus 
plus octreotide arm and 5.6 months in the placebo plus 
octreotide arm (67). RADIANT-4 compared everolimus 
vs. placebo alone and enrolled 302 patients, including 90 
patients with PCs (68). In a subgroup analysis of PCs, the 
PFS was 9.2 months in the everolimus arm vs. 3.6 months 
in the placebo arm (HR, 0.50; 95% CI, 0.28–0.88) (64). 
In both trials, adverse events with everolimus were mostly 
grade 1 and 2 (67-69). 

Studies with chemotherapy in patients with advanced 
PCs are limited. The most commonly used regimens include 
a platinum agent plus etoposide or temozolomide plus or 
minus capecitabine (45). Due to the low proliferative rates 
of PCs, cytotoxic chemotherapy has limited efficacy but 
can provide benefit in patients who have more aggressive 
disease and tumors with a higher Ki-67 proliferation rate 
or low SSTR expression. The use of a platinum agent plus 
etoposide in these patients has been extrapolated from the 
treatment of SCLC (70). Retrospective studies have shown 
a response rate (RR) of 20% to 25% in patients with PCs 
treated with cisplatin plus etoposide (71-73). When used 
as monotherapy temozolomide has shown a RR ranging 
from 14% to 30% and stable disease ranging from 42% to 
53% in retrospective studies of patients with PCs (72,74). 
In 33 patients with PCs who received temozolomide plus 
capecitabine (CAPTEM), 6 patients (18.2%) had a partial 
response and 19 patients (57.6%) had stable disease with a 
median PFS of 9 months (75). Oxaliplatin and streptozocin 
based chemotherapies have also shown some benefit in 
these patients and are recommended by some guidelines 
to consider (46,61). Cytotoxic chemotherapy can be 
considered for first line treatment in patients with ACs or 
aggressive disease based on consensus guidelines (45,46,61). 

Immunotherapy has largely been disappointing 
for treatment of patients with NETs. In the phase 
Ib KEYNOTE-028 trial, which looked at the use of 
pembrolizumab in patients with advanced solid tumors, the 
objective response rate (ORR) was 12% in the 25 patients 
with carcinoid tumors with the majority of patients having 
stable disease (76). Spartalizumab was studied in a phase 
II trial in patients with metastatic carcinoid tumors and 
showed a RR of 7.4%. However, in patients with PCs 
(n=30), ORR was 16.7% while stable disease was achieved 
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in 56.7% of patients (77). Of note, all five patients who had 
a partial response had AC. Two phase II studies, CA209-
538 and DART SWOG 1609, have looked at the PD-L1 
inhibitor nivolumab in combination with CTLA-4 inhibitor 
ipilimumab in patients with advanced NETs. CA209-
538 included 11 patients with PCs (n=29) and showed an 
ORR of 24% (78). Responses were only seen in patients 
with intermediate or high-grade tumors. Similarly, DART 
SWOG 1609 included six patients with PCs (n=32) and 
showed an ORR of 25% with responses only being seen 
in patients with high grade tumors (79). There continues 
to be ongoing trials using immunotherapy including 
NCT03420521 which is a phase 2 trial using nivolumab 
with ipilimumab in subjects with advanced NETs including 
PCs (80). Another ongoing trial is NCT04579757 which 
surufatinib in combination with tislelizumab in patients 
with advanced solid tumors including a NET cohort (81). 
Table 2 shows considerations for management for advanced 
disease.

Radionuclide therapy

Peptide receptor radionuclide therapy (PRRT) has been a 
transformative therapy for patients with SSTR positive NETs 
(82,83). Though several types of PRRT have been tested in 
the past, the type of PRRT which has garnered regulatory 
licensure is 177Lutetium(177Lu)-Dotatate (84). Although 
currently only approved for patients with GEPNETs, 

the therapy has also demonstrated anti-tumor activity for 
patients with other SSTR positive NETs (85-87) (Table 3).  
Randomized evidence with 177Lu-Dotatate remains lacking 
in patients with PCs however both prospective and 
retrospective exist. 

The prognostic factors which appear to be associated 
with shorter benefit from PRRT for patients with PCs 
include FDG avid tumors and higher tumor Ki-67 index 
(88,89). A recent publication suggests patients who are 
heavily pretreated and possess greater baseline disease 
bulk have reduced benefit from PRRT (94). Though rare, 
one of the long-term concerns with PRRT is the risk of 
myelodysplasia and acute myeloid leukemia which occur in 
approximately 2% of patients (95,96). 

A crucial prospective randomized trial of 177Lu-Dotatate 
has recently opened to accrual [NCT04665739]. In this 
phase II study, 108 patients with SSTR positive PCs (TC 
or AC) will be randomized to 4 cycles of 177Lu-Dotatate 
or everolimus. If this study meets its primary endpoint of 
PFS, it is likely that 177Lu-Dotatate will garner regulatory 
licensure for PCs.

Several ongoing trials are exploring novel forms of 
PRRT such as targeted alpha therapy (TAT) in patients with 
PCs. One type of TAT is 212Lead-DOTAMTATE which 
is being tested in an ongoing phase I study in PRRT naïve 
patients with SSTR expression [NCT03466216]. From the 
preliminary results, among 10 patients treated at the highest 
dose level (4 with PCs), the ORR was 80% (97). Another 

Table 2 Considerations for medical management for pulmonary carcinoids patients with advanced disease

Clinical presentation Consideration Alternatives

Metastatic, asymptomatic, low volume, TC Observation Lanreotide if SSTR positive on functional imaging, 
Everolimus

Metastatic, asymptomatic, low volume, AC Observation (especially with 
documented stability)

Everolimus, Lanreotide if SSTR positive on 
functional imaging

Metastatic, symptomatic, low volume disease,  
TC or AC

Lanreotide if SSTR positive on 
functional imaging

Everolimus

Metastatic, symptomatic, high volume disease,  
TC or AC

CAPTEM PRRT

Metastatic, oligoprogressive disease within lungs, 
TC or AC

SBRT Change in systemic treatment

Metastatic, progressive on lanreotide without local 
therapy options, TC or AC

PRRT Everolimus, CAPTEM

All patients should be considered for clinical trials if available regardless of presentation

TC, typical carcinoid; AC, atypical carcinoid; SSTR, somatostatin receptor; CAPTEM, capecitabine/temozolomide; SBRT, stereotactic 
body radiotherapy; PRRT, peptide receptor radionuclide therapy.
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TAT which has been tested and demonstrated clinical 
promise in patients with GEPNETs, but not yet in PC, is 
225Actinium-DOTATOC (98).

Radiation therapy

Stereotactic body radiation therapy (SBRT) has become 
increasingly used as a form of definitive therapy for patients 
with PCs based on data from NSCLC where it shows better 
local control than conventional radiation therapy (99,100). 
The initial case series describing the experience with SBRT 
in PCs was from a single institution (101). In this series, 
4 patients (2 TC, 2 AC) with unresectable disease were 
treated; 3 patients underwent treatment to a single lesion 
while 1 patient underwent treatment to 2 lesions. Patients 
were treated with either 54 Gy in 3 fractions or 50 Gy in 
5 fractions. All patients achieved disease control of the 
treated lesions however 1 patient developed distant disease 
progression within 2 months. Another single institution 
analysis reported on the experience of 10 patients with 
inoperable PCs (9 TC, 1 AC), with no extra-thoracic 
disease, treated with SBRT (102). The median dose was 
50 Gy in 5–10 fractions. After a median follow up period 
of 25 months, 4 patients were still alive. Median OS was 
27.1 months. Another series of 7 patients with PCs (6 TC,  
1 AC; 5 with distant extra-thoracic disease in the liver), were 
treated with doses of 42–60 Gy in 5–8 fractions (103). Among 

the patients with distant disease, SBRT was utilized for a 
growing primary tumor. After a median follow up period of 
13.8 months, local control was achieved in all 7 patients (ORR 
of 85.7%) with 5 patients still alive at last follow-up. 

A national cancer database analysis evaluated outcomes 
in patients with TCs treated with SBRT and conventionally 
fractionated therapy (104). Of 154 included patients, 84 
received SBRT (median dose of 50 Gy in 4 fractions) 
while 70 received conventional therapy (median dose of  
54 Gy in 24 fractions). The OS of patients, after propensity 
matching, was 66 months in the SBRT arm vs. 58 months 
in the conventional group (P=0.034). Though prospective 
experience with external beam radiation is needed for 
patients with PCs, it appears that radiation therapy is a 
reasonable approach to achieve local control in patients 
with inoperable disease or growing oligoprogressive disease. 
SBRT is more convenient due to reduced dose fractionation 
and appears to be at least equally effective.

Follow up and surveillance 

Patients should be surveilled after definitive treatment. Both 
TC and AC patients will generally be followed with CT 
imaging at 6-month intervals for at least 2 years and then 
yearly for at least 10 years. There is not currently a role to 
surveil with Dotatate PET/CT. Figure 4 shows a suggested 
workup and treatment algorithm.

Table 3 Selected peptide receptor radionuclide therapy studies in pulmonary carcinoids

Study, year Radioisotope Total (N) PC, N (%) Median PFS, months Median OS, months RR

Brabander et al., 
2017 (86)

177Lu-Dotatate 610 23 (3.8) 20 52 30%

Ianniello et al.,  
2016 (88)

177Lu-Dotatate 34; 15 TC; 19 AC 34 (100.0) 18.5 overall; 20.1 TC; 
15.7 AC

48.6 overall; 48.6 TC; 
37 AC

33% TC; 0% 
AC

Mirvis et al.,  
2020 (89)

177Lu-Dotatate or 
90Yttrium Dotatate

25; 11 TC; 11 AC; 
3 unknown

25 (100.0) 17 (177Lu-Dotatate);  
12 (90Yttrium; Dotatate)

42 30%

Lim et al., 2020 (90) 177Lu-Dotatate 48; 15 TC; 32 AC; 
1 unknown

48 (100.0) NR 49 33%

Zidan et al.,  
2022 (91)

177Lu-Dotatate 48; 5 TC; 43 AC 48 (100.0) 23 59 20%

Mariniello et al., 
2016 (92)

177Lu-Dotatate and/or 
90Yttrium Dotatoc

114 114 (100.0) 28 58.8 26.5%

Sabet et al.,  
2017 (93)

177Lu-Dotatate 22 22 (100.0) 27 42 27%

PC, pulmonary carcinoid; PFS, progression free survival; OS, overall survival; RR, response rate; TC, typical carcinoid; AC, atypical 
carcinoid.
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DIPNECH

Multifocal hyperplasia of pulmonary neuroendocrine cells 
(PNEC) was first described by Aguayo et al. in 1992 in six 
patients had multifocal PNEC hyperplasia associated with 
peribronchiolar fibrosis (105). PNECs are found throughout 
the lungs, and it represents <1% of the cells in adult 
human lungs (99). The 2001 WHO classification of lung 
tumors termed this entity DIPNECH (106). DIPNECH is 
characterized by proliferation of PNEC, believed to occur 
in response to a lung injury (hypoxia, chronic obstructive 
pulmonary disease) or idiopathic (105,107). DIPNECH 
is characterized by proliferation of neuroendocrine 
cells and/or carcinoid tumorlets involving small airways 
(Figure 5A,5B). The neuroendocrine cells have round, 
oval, or spindle-shaped nuclei with speckled chromatin 
and a moderate amount of amphophilic or eosinophilic 
cytoplasm. In hyperplasia, neuroendocrine cells are limited 
to the bronchiolar mucosa. Nodular proliferations of 
neuroendocrine cells that invade beyond the bronchiolar 
wall measuring <5 mm are classified as tumorlets, 
whereas those that are 5 mm or larger are categorized as 
a carcinoid tumor (108-110). Marchevsky et al. suggested 
that DIPNECH be defined by the presence of multifocal 
PNEC hyperplasia associated with ≥3 small airways (111). 

The neuroendocrine cells generally stain positive by 
immunohistochemistry for chromogranin, synaptophysin, 
CD56, and INSM1 (112,113). In DIPNECH syndrome, 
bronchiolar fibrosis with luminal narrowing or constrictive 
bronchiolitis is present (Figure 5C,5D). NSCLC may also 
be found in DIPNECH, emphasizing the importance 
of histologic examination of growing nodules (110). 
DIPNECH is more common in females, with reports of a 
female to male ratio of 10:1 (35,111,114,115). Patients are 
usually non-smokers in their fifth to the sixth decade of 
(35,109,115-117). 

The common symptoms of DIPNECH are chronic 
nonproductive cough, dyspnea on exertion, and wheezing 
(35,56,105,109,115). Approximately 45% to 60% of patients 
have been diagnosed with another lung disease due to the 
rarity of this disease and lack of recognition (114,115,118). 
PFTs often demonstrate obstructive or mixed obstructive 
with restrictive ventilatory abnormality, whereas a normal 
or entirely restrictive pattern is uncommon (109,114,115). 
The clinical course is often long-term stability or slow 
progressive functional decline or changes in PFTs. There 
have been reports of rapid worsening of severe obstruction, 
usually due to constrictive bronchiolitis (35,114,115). 
Studies have demonstrated that as nodules increase in 

A B

C D

Figure 5 Light microscopy representing neuroendocrine cell hyperplasia and carcinoid tumorlet in a patient with diffuse idiopathic 
pulmonary neuroendocrine cell hyperplasia. (A) Small airway partially damaged by granulation tissue and neuroendocrine cells spilling 
into the lumen; hematoxylin and eosin (H&E), 100×. (B) Synaptophysin immunostains highlighting the neuroendocrine cells in image A; 
100×. (C) Over time, the granulation tissue within the small airway may be replaced by scar; H&E, 100×. (D) Synaptophysin immunostains 
highlighting the neuroendocrine cells in image B; 100×.
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number and size, there is a parallel decrease in FEV1 and 
forced vital capacity (112,114).

High suspicion of DIPNECH can be made by CT of the 
chest followed by confirmation via lung biopsy. Common 
CT findings are a constrictive bronchiolitis pattern with 
scattered pulmonary nodules, mosaic attenuation with air 
trapping, patchy ground-glass opacities, or endobronchial 
wall thickening (35,113,114,115,119). Sazonova et al. 
proposed that the most significant predictor of DIPNECH 
on CT are pulmonary nodules and mosaicism (119). The 
nodules may be of varying sizes, round to ovoid with a 
solid density, usually multiple, associated with one or 
more dominant lesions, which is often a carcinoid tumor 
(110,120). Most of the nodules are in a centrilobular 
distribution along with small bronchovascular bundles 
and are lower lobe predominant (112). SSTR expression 
through functional imaging can be seen; however, uptake 
may be limited due to the small nodules (113,118). Figure 6 
shows a CT image of a patient with DIPNECH.

Surgical lung biopsy or resection remain the gold 
standard for histologic diagnosis of DIPNECH; a definitive 
pathological diagnosis cannot be made on small biopsies 
(109,115). It is vital to provide adequate tissue specimens to 
ascertain any associated neuroendocrine cell proliferation 
(82,106,112,121). Progression of DIPNECH to PC with 
associated metastases is low but has been reported (111,122). 
Therefore, routine CT surveillance every 12 to 24 months 
is recommended (123). 

Most proposed medical treatments are based on reports 

of clinical experience and retrospective data. As most 
patients have a varying degree of respiratory symptoms 
with some abnormalities on PFTs, a few reports described 
the potential benefits of systemic steroids (SS) and inhaled 
corticosteroids (ICS). There is no clear evidence to 
demonstrate the efficacy of SS or ICS. Nassar et al. reported 
that four out of seven patients who received SS had a 
clinical benefit and two remained stable (35). Thus, the use 
of SS is controversial and patients should have close follow-
up to evaluate efficacy. 

The National Comprehensive Cancer Network (NCCN) 
NET Guidelines recommend SSAs such as octreotide or 
lanreotide for respiratory symptom control (45). Al-Toubah 
et al. reviewed 42 patients with DIPNECH; 11 received 
SSAs as monotherapy, 31 received SSAs in combination 
with other therapies (bronchodilators, steroids, and 
benzonatate). Thirty-three out of 42 patients experienced 
symptomatic improvement. Among patients who had pre-
and post-treatment PFT, 14 out of 15 patients (93%) 
demonstrated improved FEV1 (118). These results are 
similar to other smaller studies (113,124). Another potential 
treatment is targeted therapy using an mTOR inhibitor such 
as everolimus or sirolimus, as DIPNECH has been found 
to exhibit activation of the mTOR pathway (125). There 
is no substantial data on the efficacy of mTOR inhibitors 
to advocate its use with DIPNECH as studies have not 
demonstrated symptomatic improvement or changes of 
FEV1 other than improved radiographic findings (117,126). 
Lastly, there are case reports utilizing lung transplantation 
as primary treatment for DIPNECHs (116,127).

The long-term outcomes for patients with DIPNECH 
are  l imi ted .  Mos t  pa t i en t s  r ema in  s t ab le  wh i l e 
approximately 30% experience clinical or radiographic 
progression, and 11% demonstrate clinical or radiologic 
improvement. Deteriorating PFTs are often related to 
worsening obliterative bronchiolitis and/or other fibrotic 
lung changes. Mortality in patients with DIPNECH has 
been attributed to transplant-associated complications and, 
rarely, progression of DIPNECH (105,114,116). Table 4 
lists selected studies in DIPNECH.

Conclusions

PCs represent a challenge to thoracic and neuroendocrine 
practitioners. In the early stage, surgical resection remains 
the standard of care for definitive treatment. Local 
therapies, including EBT and SBRT, continue to evolve but 
should be considered reasonable alternatives in non-surgical 

Figure 6 Axial CT image of the lungs (1.25 mm slice thickness, 
lung windows) demonstrating mosaic attenuation and lung nodules 
characteristic of diffuse idiopathic pulmonary neuroendocrine cell 
hyperplasia. Short arrows delineate several of the multiple bilateral 
bronchocentric solid circumscribed lung nodules. The background 
lung parenchyma has heterogeneous CT attenuation reflecting air-
trapping and mosaic attenuation. CT, computed tomography.
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candidates. In advanced disease, approved options continue 
to be limited, however, many strategies are promising, 
including PRRT. DIPNECH remains a commonly 
misdiagnosed entity but is garnering more awareness and 
treatment strategies. Ultimately, the goal to move this field 
forward is dependent on increasing awareness of these 
rare diseases and clinical trial development. Wherever 
possible, we recommend that patients be evaluated in a 
multidisciplinary setting at a high-volume NET center. 
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